In order to help modelling the yield stress of fresh concrete, we study the behavior of suspensions of coarse particles in a thixotropic cement paste. Our aim is to relate the yield stress of these mixtures to the yield stress of the suspending cement paste, to the time passed at rest, and to the coarse particle volume fraction. We present here procedures that allow for (i) studying an homogeneous and isotropic suspension, (ii) comparing the yield stress of a given cement paste to that of the same cement paste added with particles, (iii) accounting for the thixotropy of the cement paste.
persity were to interact only rheologically with the suspending paste, we would expect all the results to be roughly consistent as they should not depend on the 144 paste physicochemical nature. However, the discrepancy between the results
145
of Geiker et al. [26] , Erdogan [27] , and Ancey and Jorrot [33] , and between the an extrapolation generally provides an overestimation of the yield stress of the suspension, and that this overestimation is more dramatic as the particle 171 concentration increases. The reason is that the suspension departs from the 172 Herschel-Bulkley (or Bingham) model at very low shear rate (unaccessible to 173 most concrete rheometers) and has a lower yield stress than the one extrap-174 olated from the measurable flow curve [1] . On the other hand, as the strain 175 involved in this test is small, there should be no migration, nor extrapolation 176 problems, in the slump test used by Ancey and Jorrot [33] , as long as the yield 177 stress is high enough to avoid spreading of the material and the correlation 178 between measured slump and yield stress is suitable to their experiments [37] .
179
Another difference between the procedures is that the particle distribution 180 after a flow is anisotropic [38] [39] [40] , whereas the particle distribution is hardly 181 changed by the slump flow and is thus isotropic in the experiments of An-182 cey and Jorrot [33] ; as a consequence, the results of Ancey and Jorrot [33] are 183 not related to the same state of the suspension as the one of Erdogan [27] and 184 Geiker et al. [26] . Finally, note that Ancey and Jorrot [33] and Toutou and 185 Roussel [28] found in some cases that the suspension yield stress can be lower 186 than the suspending paste yield stress; as pointed out by Chateau et al. [1] , 187 this should not occur if the noncolloidal particle interact only mechanically 188 with the paste, i.e. these results are likely to apply only to their systems.
189
Finally, it is therefore of high importance to clarify the cases where suspen- 
212
In this paper, we study suspensions of coarse spherical particles in a thixotropic 213 cement paste. We measure the static yield stress of the suspensions as a func- ISO 13320-1 test) for different amount of superplasticizer and is given in Fig. 1 .
234
The specific area determined using a BLAINE permeameter, according to NF and to ensure that, for all the materials studied, there are enough particles in 311 the gap to consider that we measure the properties of a continuum medium
312
(the suspension).
313
We measure the yield stress τ c (φ) of the paste as a function of the volume 314 fraction φ of coarse particles embedded in the pastes. In a wide gap geometry,
315
the shear stress τ continuously decreases within the gap: the shear stress at 316 a radius R is τ (R) = T 2πHR 2 . Therefore, one has to choose a definition of 317 the shear stress that is measured in a given rheological experiment. Here,
318
we want to perform yield stress measurements; whatever the measurement 319 method we choose, yield first occurs where the stress is maximal i.e. along the 320 inner virtual cylinder. As consequence, we define the shear stress measurement
, so that the yield stress τ c is correctly measured (any other 322 definition of the shear stress would provide an underestimation of the yield 323 stress). Anyway, we will focus on the evolution of the dimensionless yield stress 
Preparation and yield stress measurement 334
First, we need to define precisely the state of the materials we want study.
335
Three points are actually important: (i) we want to perform our yield stress state of the paste, i.e. the material needs to be first strongly presheared to get a controlled preshear with the rheometer to the system after its preparation.
That is why, before loading the material in the measurement cup, we first pres- parallel.
416
We As a summary we present in Fig. 3 a sketch of the whole procedure used to 450 study the influence of coarse particles on the yield stress of cement pastes.
451
This procedure ensures (i) that an homogeneous material is studied; (ii) that
452
we study a well defined state of the material: we chose to study the case of t rest after the end of a strong stirring.
469
We first observe that the yield stress increases when the coarse particle volume 470 fraction is increased. This increase is quite limited for volume fraction lower 471 than 45%: in this case, the yield stress is increased by a factor less than 3.
472
However, the yield stress is found to increase sharply at the approach of a 473 60% volume fraction. E.g., the yield stress of a suspension of 55% particles is 474 20 times higher than the yield stress of the interstitial cement paste.
475
We also observe in Fig. 4 that the same evolution of the yield stress with the 476 particle volume fraction is found whatever the time t rest passed at rest before 
where A thix is the structuration rate of the paste. In this case, Eq. 1 reads:
As a consequence, if the mechanical impact of the coarse particles is to increase 499 the yield stress by a factor g(φ), then their impact on the structuration rate of 500 the paste is to increase it also by a factor g(φ). It is thus sufficient to measure 501 the cement paste yield stress evolution in time (i.e. A thix ) and to measure the 502 increase of the yield stress with the volume fraction (i.e. g(φ)) for a single 
Theoretical law
Proposing a theoretical value for the dimensionless yield stress is challenging. isotropic. This is what we have managed to perform experimentally, therefore,
561
our experiments are fitted to provide a test of these theoretical predictions.
562
Chateau et al. [1] find
Mahaut et al. [2] have measured the elastic modulus of all the suspensions 564 studied above, and found a Krieger-Dougherty model to apply 
which should be valid for any isotropic suspension of rigid spherical noncol-569 loidal particles in yield stress fluids with no physicochemical interactions be-
570
tween the particles and the paste.
571
Our experimental data are compared to Eq. 5 on Fig. 5 . We find a remarkable 572 agreement between our data and this model with a best fit for φ m = 0.56; 573 note that this value of 0.56 is valid only for the case of monodisperse spherical 574 particles we studied.
575
Note however that Eq. 5 can a priori be easily modified to account for polydis- . This explains why we find the yield stress to diverge at around 613 56% while the maximum packing fraction is of about 65% for spheres.
614

Conclusion
615
We have studied the behavior of suspensions of coarse particles in a thixotropic 616 cement paste. We managed to design procedures that allow for (i) studying 617 an homogeneous and isotropic suspension, (ii) comparing the yield stress of First, we have to note that it is very difficult to achieve a good reproducibility 642 of a fresh cement paste mechanical behavior. In Fig. A.1a we show the result 643 conditions in 2 cement pastes having the same composition. We observe that 645 the uncertainty on the yield stress of the cement paste we get is of order 25%.
646
This means that, if we want to measure accurately the ratio of the suspension 647 yield stress to the interstitial cement paste yield stress, we cannot compare the 648 properties of suspensions of particles in a cement paste to the properties of a 649 cement paste having the same composition but being from a different batch.
650
That is why we chose to work on the same batch for the measurement of the 651 properties of the paste alone and for the suspension. 
693
[28] due to the mixing effect of the particles. As a result of these imperfect Table 1 Cement chemical constituents.
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